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ABSTRACT Frankliniella spp. (Thysanoptera: Thripidae) thrips damage a variety of crops, feed on
a broad range of hosts, and often migrate into cropping systems from adjacent vegetation. To
determine potential sources of Frankliniella spp. thrips on crops, annual cycles of abundance of
Frankliniella occidentalis (Pergande), Frankliniella fusca (Hinds), Frankliniella bispinosa (Morgan),
and Frankliniella tritici (Fitch) were evaluated on seven common, uncultivated reproductive hosts.
These hosts includedRaphanus raphanistrumL.,Rubus trivialisMichx.,Rubus cuneifoliusPursh.,Vicia
sativa L., Trifolium repens L., Solidago canadensis L. and Chenopodium ambrosioides L. Thrips were
collected from R. cuneifolius, and T. repens in the spring, R. raphanistrum in the summer, and C.
ambrosioides and S. canadensis in the fall. The most common Frankliniella species on every plant
species was F. tritici, and a Þfth species, Pseudothrips inequalis (Beach), was collected in the fall on
C. ambrosioides and S. canadensis. All thrips species were highly aggregated in the ßowers or ßower
racemes, rather than leaves or fruit, and they were generally only collected from ßowering plants. R.
raphanistrum supported large populations, and they may be an important link for thrips between spring
and fall. In addition, it may be an essentially enemy free host, as only one O. insidiosus, an important
thrips predator, was collected from this host. S. canadensis also supported large thrips populations in
the fall, and it may be a source of thrips migrating into crops the following spring. Controlling thrips
on these hosts in their respective seasons may limit the number migrating into cropping systems.
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The population dynamics of crop pests are studied to
predict outbreaks and develop more efÞcient inte-
grated pest management programs. A major compo-
nent of studying population dynamics is monitoring
annual cycles of abundance. We use the term annual
cycles of abundance to describe the periodic increase
and decrease of populations that occurs over time.
Because many crop pests also use uncultivated host
plants, population dynamics outside the crop must be
examined to understand how vegetation in the land-
scape affects pest populations in cropping systems
(Chellemi et al. 1994, Groves et al. 2002, Norris and
Kogan 2005). Our research focused on the cycles of
abundance of a polyphagous group of crop pests: the
ßower thrips (Frankliniella spp.) (Thysanoptera:
Thripidae).

Flower thrips cause extensive economic damage to
many types of crops through feeding that causes a
silvering of plant tissue and a reduction in photosyn-
thesis (Shipp et al. 1998, Kirk 2002), or ovipositional

scarring that causes halo-spotting on tomato fruit (Sal-
guero Navas et al. 1991). In addition, many thrips are
vectors of Tospoviruses, including Tomato spotted
wilt virus, one of the most damaging plant viruses
worldwide (Prins and Goldbach 1998). The genus
Frankliniella contains several crop pests, the most re-
searched of which is the globally distributed species,
Frankliniella occidentalis (Pergande) (for review, see
Kirk and Terry 2003). Other Frankliniella species oc-
curring in North Florida are Frankliniella fusca
(Hinds), Frankliniella bispinosa (Morgan), and Fran-
kliniella tritici (Fitch), all three of which are native to
the southeastern United States (Kirk 2002, Kirk and
Terry 2003), and they are pests of numerous crops
(Childers et al. 1990, Puche et al. 1995, Reitz et al.
2003). Vectors of Tomato spotted wilt virus include F.
occidentalis, F. fusca, and F. bispinosa, but not F. tritici
(Sakimura 1953 as cited by Sakimura 1962, Sakimura
1963, de Assis Filho et al. 2005, Avila et al. 2006).

To improve the control of thrips, it is necessary to
study annual cycles of thrips abundance, because this
knowledge may lead to the ability to take preventative
measures such as varying planting timings or optimiz-
ing management programs by timing control measures
to coincide with pest outbreaks (Funderburk 2002).
These cycles have been studied extensively in crops
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such as tomatoes (Reitz 2002, Nault et al. 2003), citrus
(Childers et al. 1990), nectarines (Felland et al. 1995,
Pearsall andMyers2000), andsmall grains(Buntinand
Beshear 1995), but less intensive research has been
conducted on uncultivated plant hosts (but see Cham-
berlin et al. 1992, Chellemi et al. 1994, Cho et al. 1995,
Toapanta et al. 1996, Groves et al. 2002). It is important
to note that these past studies either did not monitor
thrips populations over the entire year (Chamberlin et
al. 1992, Cho et al. 1995, Toapanta et al. 1996, Groves
et al. 2002), or they did not present quantitative values
for each plant host (Chellemi et al. 1994). Thrips often
overwinter in patches of uncultivated plants and mi-
grate into cropping systems in the spring (Pearsall and
Myers 2001, Groves et al. 2002). Because thrips often
migrate from uncultivated hosts into cropping Þelds in
the spring and during other seasons (Kirk 1997, Pears-
all and Myers 2001, Groves et al. 2002), cropping sys-
tems can often serve as a sink, with sources of insect
populations occurring in Þeld margins and fencerows.
For example, several thrips species often cause exten-
sive economic damage to tomatoes through feeding on
the ßowers and developing fruit, but tomato plants are
poor reproductive hosts for thrips (Reitz 2002).
Therefore, economically damaging populations are
dependent on surrounding vegetation for growth.
Studying annual cycles of abundance on uncultivated
hosts is therefore necessary to identify potential
sources of thrips populations. In addition, this migra-
tion may be the source of primary Tospovirus infec-
tion as thrips spread the virus from uncultivated to
cultivated hosts (Puche et al. 1995).

Reproductive hosts are more important to popula-
tion growth than adult feeding hosts, and they may
serve as bridges to build thrips populations that mi-
grate into cropping systems. We therefore sampled
seven reproductive hosts growing in Þeld margins and
determined the cycles of abundance of Frankliniella
species on each plant species. We selected plants that
are known reproductive hosts for one or more Fran-
kliniella species, as identiÞed by Chamberlin et al.
(1992), Cho et al. (1995), Groves et al. (2002), Heagle
(2003), and Paini et al. (2007). Furthermore, the hosts
selected were either known Tomato spotted wilt virus
hosts or species for which congeneric species have
been identiÞed as hosts (Parrella et al. 2003).

In addition to locating potential sources of thrips
populations, we tested the hypothesis that temporal
dynamics were the same for all thrips species. If thrips
react to host phenological and seasonal changes sim-
ilarly, the temporal population dynamics should be
similar for all thrips species. However, there may be
differences between species, and comparing the tem-
poral patterns of abundance for different thrips spe-
cies on a single plant species allowed us to evaluate the
species-speciÞc differences in how host use changes
over time.

Materials and Methods

Sampling Procedure. The study was conducted at
the North Florida Research and Education Center in

Gadsden County, FL, which is a representative of
agroecosystems in northern Florida and southern
Georgia. There were a variety of cropping systems
growing in the vicinity of sample locations during all
times when thrips were present. The plants sampled
wereRaphanus raphanistrumL. (Brassicaceae),Rubus
trivialis Michx. (Rosaceae), Rubus cuneifolius Pursh.
(Rosaceae), Vicia sativa L. (Fabaceae), Trifolium re-
pens L. (Fabaceae), Solidago canadensis L. (Aster-
aceae), and Chenopodium ambrosioides L. (Chenopo-
diaceae). Each species was sampled biweekly, when
available, between 19 November 2003 and 5 Novem-
ber 2004.

On each sample date, 10 sites for each available
plant species were randomly selected, and one plant
was sampled from each site. A site consisted of a
spatially explicit patch of a single plant species. For
each plant, 20 leaves, ßowers, and fruit (or 20 racemes
and leaves forC. ambrosioides, and S. canadensis) were
placed in vials containing 70% ethanol. For T. repens,
four racemes were sampled per plant because of the
low number and large size of the racemes. For V.
sativa, which has prominent terminal buds, four buds
were sampled per plant, in addition to the ßowers,
fruit, and leaves. The contents of each vial were placed
in a petri dish, and the plant parts were dissected to
extract thrips. Adult thrips were identiÞed under a
microscope by using 6.5Ð40� magniÞcation. Larvae
were counted, but they were not identiÞed to species,
because no morphological keys are available. The total
numbers of ßowers, fruit, and leaves per plant also
were estimated. The numbers of leaves, ßowers, and
fruit (or racemes) were counted directly when part
numbers were low (�30), otherwise a section of a
plant was selected, and the numbers of leaves, ßowers,
and fruit (or racemes) were extrapolated from the
number of each part in a section and the number of
sections on the plant. Because adult thrips were highly
aggregated in theßowersor racemes(seeResults), the
numbers of each thrips species per ßower and the
number of ßowers per plant were used to estimate
the total number of each thrips species per plant. In
addition, the numbers of a common thrips predator,
Orius insidiosus (Say), were recorded.
Data Analysis. Repeated measures analysis of vari-

ance (ANOVA) analyses (PROC MIXED, SAS Insti-
tute 2000) and TukeyÕs tests were used to determine
the effect of plant part and date on combined thrips
densities (adults and larvae of all species) for data
collected when all plant parts were present. A simple,
one-way ANOVA was conducted to analyze plant part
means of R. cuneifolius, because all three parts were
only present on one sample date (29 April 2004).

Because adult thrips were highly aggregated in the
ßowers or racemes, the numbers of thrips per ßower
or raceme were used in the comparison of patterns of
abundance of the different thrips species, and the
calculation of the number of thrips per plant over the
course of the season. Repeated measures ANOVA
analyses (PROC Mixed, SAS Institute 2000) were con-
ducted on each plant to analyze differences in the
density of adults of each thrips species and the effect
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of date on thrips abundance. In addition, the interac-
tion of Frankliniella species by date was used to com-
pare the patterns of abundance of the different thrips
species (Littell et al. 1996). This analysis allowed us to
test the hypothesis that the patterns of abundance on
a host plant were the same for all thrips species (i.e.,
all species use the host plant at the same time). For
each host plant sampled, the two most abundant spe-
cies represented �90% of the thrips present, so post
hoc contrast procedures on the species � date inter-
action were conducted on the two most abundant
species to determine whether patterns of abundance
were signiÞcantly different for the two species. Con-
trast procedures were conducted on the interaction
between date and the means of F. tritici and F. bispi-
nosa on three hosts: R. raphanistrum, R. cuneifolius,
and T. repens, and contrast procedures were con-
ducted on the interaction between date and the means
of F. tritici and F. fusca onR. trivialis.For S. canadensis,
no contrast procedure was conducted due to the low
numbers of F. fusca, F. bispinosa, and F. occidentalis. A
Þfth thrips species,Pseudothrips inequalis(Beach) was
abundant onC. ambrosioides, so it was included in the
analysis and a contrast procedure was conducted on
the interaction between date and the means ofF. tritici
and P. inequalis. P. inequalis is rarely studied, and the
biologyof the species is thereforenotwell understood.
Voucher specimens for P. inequalis were sent to the
Florida State Collection of Arthropods (Division of
Plant Industry, Florida Department of Agriculture
and Consumer Services, Gainesville, sample E2007-
4803-1) forconÞrmation.Forcomparing species abun-
dances on V. sativa, a simple one-way ANOVA was
conducted, because adult thrips were only present on
one sample date (1 April 2004). Effects were consid-
ered signiÞcant when P � 0.05. Data were only ana-
lyzed on dates when at least one species of thrips was
present on the plant. Dates analyzed for each plant
species wereR. raphanistrum, 15 AprilÐ22 July 2004;R.
trivialis, 15 AprilÐ29 April 2004;R. cuneifolius, 29 April
for plant part comparisons (due to low numbers of
fruiting plants on 15 April), and 15 AprilÐ29 April 2004
for species comparisons; V. sativa, 18 MarchÐ1 April
for plant part comparisons and 1 April for species
comparisons (due to low numbers of adults on 18
March); T. repens, 15 AprilÐ27 May 2004; S. canadensis,

9 SeptemberÐ21 October 2004; andC. ambrosioides, 26
AugustÐ21 October 2004. The number of larvae per
female on each host was calculated, and plants were
considered good reproductive hosts if the ratio was
greater than 1, indicating that the population size was
increasing. Because thrips are facultatively partheno-
genetic, the larva-to-female ratio was used rather than
larvae per adult, because males are not necessary for
reproduction.

All analyses were conducted using SAS (SAS Insti-
tute 2000). An autoregressive (to account for the fact
that observations close in time are more correlated
than more distant observations), heterogeneous (to
account for nonconstant variances over time) covari-
ance structure was used in PROC MIXED. Degrees of
freedom were estimated using the KenwardÐRoger
method (Littell 1998), and species data were square-
root transformed before analyzing, because of a Pois-
son distribution.

Results and Discussion

From the seven plant hosts, 2,068 samples in total
were collected and 8,112 individual thrips were ex-
tracted, of which 62% were adults. The adult thrips
collected were F. tritici (75.9%), F. bispinosa (14.7%),
F. fusca (3.5%), F. occidentalis (1.1%), and non-Fran-
kliniella species (4.8%). On plant species with racemes
and leaves (T. repens, S. canadensis, and C. ambro-
sioides), 98.8% of the thrips were found in the racemes
and 1.2% in the leaves (Table 1). On plant species with
ßowers and fruit (R. raphanistrum, R. trivialis, R. cu-
neifolius, andV. sativa), 89.1% of thrips were collected
from ßowers, 7.0% were collected from fruit, and 3.9%
were collected from leaves. However, this distribution
varied by plant species and thrips life stage (Table 1).
The general trend that more thrips were found on
ßowers than leaves or fruit of all sampled plants sug-
gests that there is a preference for ßowers, and this has
been shown in other studies (Brodbeck et al. 2001,
2002; Hansen et al. 2003), but it is rarely evaluated in
uncultivated hosts across an entire year. Furthermore,
thrips were only present on ßowering plants, indicat-
ing that when evaluating sources of Frankliniella spp.
populations only ßowering hosts need to be consid-
ered. By feeding in ßowers that provide favorable

Table 1. Total number of adults and larvae collected from each plant species and the percentage collected from each part for seven
host plants collected from 19 November 2003 to 5 November 2004 at the North Florida Research and Education Center in Gadsden
County, FL

Plant species n

Adults (%) Larvae (%)

Flowers or
racemes

Fruits Leaves Buds n
Flowers or

racemes
Fruits Leaves Buds

R. raphanistrum 3,042 97 1 2 1,607 89 5 7
R. trivialis 150 64 26 10 77 38 47 16
R. cuneifolius 851 95 4 1 323 33 60 7
V. sativa 57 81 18 2 26 64 59 11 2 28
T. repens 503 98 N.A. 2 195 98 N.A. 2
S. canadensis 265 99 N.A. 1 576 100 N.A. 0
C. ambrosioides 103 97 N.A. 3 212 98 N.A. 2

N.A., not applicable.
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microclimates and small refuges from larger predators
thrips may reduce the risk of desiccation and preda-
tion, both of which exert strong selection pressures on
phytophagous insects (Strong et al. 1984). In addition,
several studies have shown that the addition of pollen
in thrips diets greatly enhances their reproductive
capacity (Wäckers et al. 2007).

The results from the analysis comparing thrips
abundances by plant part are presented in Table 2, and
the analysis comparing abundances of different thrips
species is presented in Table 3. Two tests for the
effects of date are presented. The effect of date pre-
sented in Table 2 (testing for effects of plant part)
includes dates when all plant parts were present, and
uses the sum of all adults and larvae to make compar-
isons. The effect of date presented in Table 3 (testing
for effects of thrips species) presents data in ßowers
and only compares the number of adults for each date,
because larvae could not be identiÞed to the species
level.

Plant species with the highest Frankliniella spp.
adult densities were T. repens and R. cuneifolius in the
spring, R. raphanistrum in the summer, and S. cana-
densis in the fall (Table 4). Plants with the most larvae
were T. repens in the spring, R. raphanistrum in the
summer, and S. canadensis and C. ambrosioides in the
fall (Table 4).
R. raphanistrum. R. raphanistrum ßowered from 5

December 2003 to 22 July 2004 (Fig. 1), but thrips
were rarely collected before 15 April (Fig. 2). There
were signiÞcantly more thrips on ßowers than on
leaves or fruit (P� 0.0001; TukeyÕs test), and there was

a signiÞcant effect of date and an interaction between
date and part, indicating that the patterns of abun-
dance were different on different plant parts (Table
2). However, this interaction was not considered
biologically signiÞcant, because thrips were so
highly aggregated in the ßowers. There were so few
thrips present on leaves and fruit that the patterns
of abundance were different simply due to the lack
of thrips on leaves and fruit on dates when thrips
were present.

There was a signiÞcant effect of thrips species, date,
and interaction between species and date (Table 3).
The most abundant thrips species were F. tritici and F.
bispinosa,making up 74.5 and 19.9% of adults, respec-
tively. There were more F. tritici and F. bispinosa
adults collected from R. raphanistrum than from most
plants, suggesting that R. raphanistrum is a good feed-
ing host for adults of both species. There was a sig-
niÞcant interaction between date and the means of F.
tritici and F. bispinosa, indicating that the patterns of
abundance were different for the two species (F �
4.54; df � 6, 63; P� 0.0012). The interaction seems to
be due to the extremely low numbers of both species
collected on 10 June due to unknown circumstances.
F. tritici was more abundant than F. bispinosa on the
dates immediately preceding and after 10 June (Fig.
1). However, low numbers of both species on 10 June
caused both population abundances to approach the
same value. This rapid decrease and increase in pop-
ulation abundances of F. tritici relative to F. bispinosa
before and after 10 June caused them to have different
patterns of abundance.

Table 2. Repeated measures ANOVA results from the analysis of the number of combined thrips adults and larvae of all thrips species
per plant part and date for seven reproductive hosts

Plant species
Plant part Date Date � part interaction

df F P df F P df F P

R. raphanistrum 2, 26 68.04 �0.0001 7, 48 12.21 �0.0001 14, 63 62.60 �0.0001
R. trivialis 2, 7 6.96 0.0015 2, 13 25.39 �0.0001 4, 15 19.74 �0.0001
R. cuneifoliusa 2, 25 11.73 0.0003
V. sativa 3, 35 5.67 0.0029 1, 33 11.75 0.0016 3, 33 3.32 0.031
T. repens 3, 36 44.20 �0.0001 5, 36 7.61 �0.0001 5, 36 6.77 0.0001
S. canadensis 1, 11 9.92 0.0089 2, 15 3.52 0.056 2, 15 3.50 0.057
C. ambrosioides 1, 21 29.46 �0.0001 5, 26 2.30 0.075 5, 26 2.28 0.076

A simple one-way ANOVA was conducted on R. cuneifolius, because all plant parts were only present on one sample date.
aOnly one date analyzed.

Table 3. Repeated measures ANOVA results from the analysis of the number of each adults of each thrips species per flower and date
for seven reproductive hosts

Plant species
Species Date Species � date interaction

df F P df F P df F P

R. raphanistrum 3, 42 83.98 �0.0001 6, 63 24.35 �0.0001 18, 94 7.09 �0.0001
R. trivialis 3, 13.2 4.94 0.0163 2, 20 2.28 0.1284 6, 22 1.72 0.1638
R. cuneifolius 3, 26 30.77 �0.0001 1, 36 3.74 0.0611 3, 36 1.35 0.2723
V. sativaa 3, 91 1.66 0.1995
T. repens 3, 57 35.01 �0.0001 3, 60 11.27 �0.0001 9, 78 4.52 �0.0001
S. canadensis 3, 36 21.5 �0.0001 2, 30 5.06 0.0128 6, 34 4.46 0.002
C. ambrosioides 4, 33 9.13 �0.0001 4, 64 0.19 0.9407 16, 91 1.62 0.0784

Analysis of V. sativa was only conducted on one date, so a simple ANOVA was conducted only on the species effect.
aOnly one date analyzed.
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The larva-to-female ratio was 0.54 before 10 June
2004 and 3.10 from 24 June to 22 July 2004, indicating
that R. raphanistrum was used as a reproductive host
for a smaller proportion of the females early in the
season than in midsummer. The high ratio of larva to
female after 10 June 2004 and the high mean numbers
of F. tritici and F. bispinosa per plant for R. raphanis-
trum indicate that use of R. raphanistrum as a feeding
and reproductive host may be important for summer
population dynamics of both species. Furthermore,R.
raphanistrum is a host for Tomato spotted wilt virus
(Parrella et al. 2003); therefore, it may be a source of
virus infection in thrips populations. R. raphanistrum

is also common in most of the United States (USDA,
NRCS 2004), and it may be an important factor in
thripsÐTospovirus epidemiology.

Although R. raphanistrum ßowered from 5 Decem-
ber to 2 August, there were no thrips collected from
the ßowers until 15 April. The reasons for the delay in
abundance of thrips on R. raphanistrum are unclear,
because thrips were present on R. trivialis and V.
sativa before 15 April. Thrips were not commonly
found on R. raphanistrum until R. cuneifolius Þnished
ßowering on 13 May, and larva-to-female ratios were
low in the spring, suggesting thatR. raphanistrummay
only be an important reproductive host late in the
season, when few hosts are available. In addition, R.
raphanistrum was mostly an enemy-free niche, be-
cause the only O. insidiosus collected from R. ra-
phanistrum was collected from ßowers on 27 May
2004.O. insidiosus are not common in the early spring
in northern Florida, but they are important thrips
predators in the summer (Funderburk et al. 2000,
Reitz et al. 2006), and this enemy-free niche may be
important to the maintenance of thrips populations
during summer O. insidiosus abundance. Therefore,
use of R. raphanistrum may be due in large part to
complex ecological and physiological factors involved
in host selection.
Rubus Species.R. trivialisßowered from 4 March to

29 April 2004 (Fig. 1), and thrips were most abundant
1 April through 29 April (Fig. 3). NoO. insidiosuswere
collected from R. trivialis. There were signiÞcantly
more thrips on ßowers than on fruit (P � 0.0003;

Table 4. Mean number (� SEM) of adult Frankliniella tritici (Ft), F. fusca (Ff), F. bispinosa (Fb), F. occidentalis (Fo), P. inequalis
(Pi), larvae and non-Frankliniella sp. per plant for seven plant species on selected dates, collected at the North Florida Research and
Education Center in Gadsden County, FL

Plant species
Dates when

present

Adults per plant
Larvae per plant

Ft Ff Fb Fo Pi

R. raphanistrum 13 MayÐ24 June 208.58 (73.85) 4.39 (1.39) 45.35 (16.88) 3.05 (1.07) 0 (0) 1.09 (0.26)
R. trivialis 1Ð15 April 3.65 (1.85) 0.2 (0.15) 0 (0) 0.1 (0.07) 0 (0) 1.41 (0.48)
R. cuneifolius 29 April 48.25 (20.52) 0.12 (0.08) 3.25 (1.18) 0.23 (0.13) 0 (0) 7.83 (3.66)
V. sativa 15 April 4.79 (4.32) 0.25 (0.14) 0.31 (0.31) 0 (0) 0 (0) 1.85 (0.79)
T. repens 29 AprilÐ27 May 146.55 (50.71) 3.39 (1.06) 24.88 (9.1) 0.33 (0.23) 0 (0) 32.38 (11.43)
S. canadensis 21 Oct. 621.52 (293.54) 0 (0) 0 (0) 7.13 (7.13)a 6.77 (6.77) 2,024.75 (1,108.59)
C. ambrosioides 26 Aug.Ð21 Oct. 70.22 (72.29) 0 (0) 0 (0) 0 (0) 359.35 (115.67) 703.45 (196.56)

a Predicted from the presence of only one thrips.

Fig. 1. Proportion of sampled plants that were ßowering
from 19 November 2003 to 5 November 2004.

Fig. 2. Mean number (�SEM) of adult thrips species and
larvae per ßower collected from R. raphanistrum.
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TukeyÕs test) or leaves (P� 0.0002; TukeyÕs test), and
there was a signiÞcant effect of date and interaction
between date and plant part (Table 2). The date by
plant part interaction indicates that there were dif-
ferences in the patterns of thrips abundance on dif-
ferent plant parts. This interaction was due to the
presence of thrips larvae on fruit late in the sampling
period.

The most abundant thrips species were F. tritici and
F. fusca, making up 73.0 and 19.8% of adults, respec-
tively. However, F. fusca was only present on the last
sample date when only one plant was present. There
was a signiÞcant effect of thrips species, but no sig-
niÞcant date effect or interaction between date and
species (Table 3), indicating that thrips abundances
were similar for all dates evaluated. The larva-to-fe-
male ratio calculated over all dates was 0.88, indicating
thatR. trivialiswas not an excellent reproductive host.
In addition, the low number of adults collected on R.
trivialis suggests that it is not as good of a feeding host
as some of the other species sampled.
R. cuneifolius ßowered from 1 April to 13 May 2004

(Fig. 1), and thrips were most abundant on 29 April
(Fig. 4). No O. insidiosus were collected from R. cu-
neifolius on any sample dates. There was a signiÞcant
effect of plant part (Table 2), with signiÞcantly more
thrips on ßowers than on fruit (P � 0.0019; TukeyÕs

test) or leaves (P � 0.0174; TukeyÕs test). The most
abundant species were F. tritici and F. bispinosa,mak-
ing up 87.5 and 7.3% of adults, respectively. There was
a signiÞcant difference in densities of thrips species,
but no signiÞcant date effect or interaction between
date and species (Table 3). The larva-to-female ratio
calculated over all dates was 0.68, indicating that R.
cuneifolius was not an excellent reproductive host.

The abundance of larvae on R. cuneifolius and R.
trivialis fruit when fruit were Þrst present may be due
to the inability of larvae to move to new ßowers
quickly. Flowers are much farther apart on R. trivialis
and R. cuneifolius (often �1 m) than on S. canadensis
and R. raphanistrum, and there were few adults col-
lected from fruit on the same sample dates. This dis-
tance between ßowers also may have been one of the
reasons for relatively low larvae-to-female ratios col-
lected from the Rubus spp. plants.
V. sativa. V. sativa ßowered from 5 December

2003Ð15 April 2004 (Fig. 1), and thrips were collected
from 18 March to 15 April (Fig. 5). No O. insidiosus
were collected on any sample dates. There were sig-
niÞcantly more thrips on ßowers than on fruit (P �
0.0035; TukeyÕs test), leaves (P� 0.0004; TukeyÕs test),
and buds (P � 0.0250; TukeyÕs test), and signiÞcant
effects of date and the interaction between date and
plant part (Table 2). The date by plant part inter-
action indicates that there were differences in thrips
patterns of abundance on different plant parts.
However, this interaction was not considered bio-
logically signiÞcant, because thrips were so highly
aggregated in the ßowers.

The most abundant species were F. tritici and F.
fusca,making up 81.9 and 15.3% of adults, respectively,
but there was no signiÞcant difference in densities of
thrips species (Table 3). The low number of adult
thrips per plant collected from V. sativa suggests that
it is not as good of a feeding host for adults as some of
the other species sampled. The larva to female ratio
calculated over all dates was 1.05, indicating that V.
sativa was a mediocre reproductive host. However,
the low number of thrips collected suggests that it was
only used as a reproductive host by a small proportion
of the population.
T. repens. T. repens ßowered from 12 December

2003Ð8 July 2004 (Fig. 1), but thrips were only present

Fig. 3. Mean number (�SEM) of adult thrips species and
larvae per ßower collected from R. trivialis. Only one ßow-
ering plant was present on 29 April; thus, no SEM could be
calculated.

Fig. 4. Mean number (�SEM) of adult thrips species and
larvae per ßower collected from R. cuneifolius.

Fig. 5. Mean number (�SEM) of adult thrips species and
larvae per ßower collected from V. sativa.
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from 15 April through 24 June (Fig. 6). The only O.
insidiosus collected from T. repens racemes was col-
lected on 27 May 2004. There were signiÞcantly more
thrips on racemes than leaves, and a signiÞcant effect
of date and interaction between date and plant part
(Table 2). This interaction was not considered bio-
logically signiÞcant, because thrips were so highly
aggregated in the ßowers that the patterns of abun-
dance were different simply due to the lack of thrips
on leaves and fruit on dates when thrips were present.

Therewere signiÞcanteffectsof thrips species, date,
and the interaction between species and date (Table
3). The date by species interaction indicates that there
were differences in patterns of abundance of different
species. The most abundant thrips species were F.
tritici and F. bispinosa, making up 79.4 and 12.0% of
adults, respectively. There was a signiÞcant interac-
tion between date and the means of F. tritici and F.
bispinosa (F� 4.60; df � 3, 60; P� 0.0058), indicating
that there was a difference in the patterns of abun-
dance of the two species. This difference in the pat-
terns of abundance was due to the absence of F. bispi-
nosa on 15 April and 24 June when F. tritici was
present.

Fewer thrips per plant were collected fromT. repens
than from S. canadensis and R. raphanistrum, and this
low abundance may be partially due to a lower num-
ber of ßowers per plant during peak thrips abundance
and the frequent mowing of T. repens during spring
and summer. The larva to female ratio calculated over
all dates was 0.62, indicating that T. repens was not an
excellent reproductive host. However, this low ratio
may have been affected by frequent mowing that may
have killed developing eggs and larvae.
S. canadensis. S. canadensis ßowered from 9 Sep-

tember to 4 November 2004 (Fig. 1). Thrips were
present on S. canadensis from 23 September to 4 No-
vember, although 82% of thrips were observed on 21
October (Fig. 7). Four O. insidiosus also were col-
lected from S. canadensis racemes on 21 October 2004.
No O. insidiosus were collected on any other dates.
There were signiÞcantly more thrips collected from
racemes than leaves and the effect of date was almost
signiÞcant, but there was no signiÞcant interaction
between plant part and date (Table 2). Of the adults

collected, 81.5% were F. tritici and 16.2% were P. in-
equalis, but P. inequalis was only collected on 4 No-
vember. There were signiÞcant effects of thrips spe-
cies, date, and interaction between species and date,
indicating that there were differences in the patterns
of abundance for the different thrips species (Table
3). This interaction was due to the absence of F.
bispinosa, F. fusca, and F. occidentalis during F. tritici
abundance on 21 October 2004. P. inequalis was not
included in the analysis, because on the date that P.
inequalis was present there was only one plant with
racemes present (Fig. 6).

The larva-to-female ratio over all sample dates was
4.14, and except for one F. occidentalis adult, F. tritici
was the only adult Frankliniella species collected.
These data suggest that S. canadensis is an excellent
reproductive host for F. tritici. The high number of
larvae per plant, and the widespread distribution of
this plant species throughout the country (Butcko and
Jensen 2002; USDA, NRCS 2004) suggest that S. cana-
densis may be an important source of F. tritici that
migrate into fall crops. In addition, S. canadensis may
be a source of larvae that overwinter as pupae in the
soil. When temperatures rise, these pupae may de-
velop into adults that initiate the build up in F. tritici
population numbers in the early spring. If S. canadensis
were not available to thrips, there may be a reduction
in fall thrips populations and a delay in the spring
population growth of thrips.
C. ambrosioides. C. ambrosioides ßowered from 19

November to 5 December 2003 and from 12 August to
4 November 2004 (Fig. 8). Thrips were collected on 19
November 2003 (data not shown) and from 12 August
to 4 November 2004 (Fig. 8). No O. insidiosus were
collected. There were signiÞcantly more thrips col-
lected from racemes than from leaves, but there was
no signiÞcant date effect or interaction between date
and plant part (Table 2). There was a signiÞcant dif-
ference in densities of thrips species, but no signiÞcant
date effect or interaction between date and species,
indicating that patterns of host use by F. tritici and P.
inequalis were not signiÞcantly different (Table 3).

Fig. 6. Mean number (�SEM) of adult thrips species and
larvae per ßower raceme collected from T. repens.

Fig. 7. Mean number (�SEM) of adult thrips species and
larvae per ßower raceme collected from S. canadensis. Only
one ßowering plant was present on 4 November; thus, no
SEM could be calculated.
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The most abundant species were P. inequalis and F.
tritici,making up 82.4 and 17.6% of adults, respectively.

There were high numbers of thrips per plant on C.
ambrosioides and the larva-to-female ratio was 2.49,
suggesting thatC. ambrosioides is a good reproductive
host for thrips. However, because the majority of fe-
males were P. inequalis, the data indicate that C. am-
brosioidesmay not support as many reproducing crop
pests (Frankliniella spp.) as the other plants sampled.
Although there were no signiÞcant differences in the
patterns of abundance between F. tritici and P. in-
equalis, F. triticiwas present inC. ambrosioidesßowers
until P. inequalis became abundant and then were
present in much lower numbers. This decrease in F.
tritici abundance is especially interesting because
population increase in S. canadensis was concurrent
with the decrease in C. ambrosioides. This change in
abundances suggests there may have been competi-
tive interactions occurring between F. tritici and P.
inequalis onC. ambrosioides.The two species also may
prefer the plant at different phenological stages.
Pseudothrips beckhami Beshear and Howell, a conge-
neric species to P. inequalis, seems to feed more on
plants with increased levels of allelochemicals
(Beshear and Howell 1976, Beecher et al. 1983, Bolser
et al. 1998, Guillet et al. 2000, Funderburk et al. 2007),
and P. inequalismay react to such chemicals similarly.
Application of essential oils produced by C. ambro-
sioides can lead to increased mortality of F. occiden-
talis, and it also may lead to nonpreference for other
Frankliniella species (Cloyd and Chiasson 2007).
There may be an interaction between these chemicals
accumulating in the plant and a simultaneous increase
in P. inequalis and decrease in F. tritici. In addition, S.
canadensis may be preferred by F. tritici, and thrips
move from C. ambrosioides when S. canadensis be-
comes available. Future research on this interaction
between the two thrips species and the plant phenol-
ogy may lead to new information about the ecology
and physiology of thrips.
Frankliniella spp. Host Range. Frankliniella spp.

thrips were frequently collected from S. canadensis, R.
raphanistrum, R. cuneifolius, T. repens, and C. ambro-
sioides, and each plant species is from a different
taxonomic family (Asteraceae, Brassicaceae, Rosa-

ceae,Fabaceae, andChenopodiaceae),demonstrating
the broad feeding host range of thrips. By feeding on
pollen in ßowers, thrips may reduce the need to adapt
to a wide range of host defenses, such as those en-
countered by generalist insects that feed on other
plant parts (for review, see Strong et al. 1984, Jaenike
1990). Most of the research conducted on thrips re-
actions to plant chemical defenses has been con-
ducted on other plant parts, such as leaves (de Jager
et al. 1996, Agrawal et al. 1999, Agrawal and Klein
2000). However, this and other studies have shown
that ßower thrips spend the majority of time in ßowers
feeding on pollen and other ßoral parts, away from the
defensive characteristics in leaves. There has been a
great deal of work identifying defensive characteris-
tics of pollen to pathogens (e.g., Hoffmann-Sommer-
gruber 2000; Sheoran et al. 2006, 2007), but very few
defensive characteristics have been identiÞed against
insects. Flower and pollen defense against insects may
lead to a reduction in pollination (Irwin et al. 2004,
Irwin and Adler 2006), and therefore defensive char-
acteristics may be lower in ßowers than in other plant
parts. In addition, the ephemeral nature of ßowers
may lead to selective pressure toward host switching
by thrips to maintain population growth as the phe-
nology of host plants change. The ephemeral nature of
ßowers may therefore lead to the need for a broad host
range for Frankliniella spp. thrips.

The variation in suitability for the plants sampled
may be due to nutritional characteristics such as over-
all protein concentrations, or relative amino acid con-
centrations (Mollema and Cole 1996, Brodbeck et al.
2002) or ßower/developing fruit morphological char-
acteristics (Felland et al. 1995). Identifying the rea-
sons for their suitability will allow researchers to target
speciÞc uncultivated host plants in future population
dynamics studies. Furthermore, large populations of
Frankliniella spp. thrips were supported by R. ra-
phanistrum in the summer and S. canadensis in the fall,
and these plants may ultimately be sources of crop
infestations. Therefore, control measures such as sea-
sonal mowing of these plants may decrease the immi-
gration of thrips into cropping systems. Pearsall and
Myers (2001) presented evidence of thrips migration
from wild land into nectarine orchards, and the plant
species sampled here may be sources of such migra-
tion in northern Florida cropping systems. However,
it is not clear how far thrips migrate from host patch
to host patch. New information on the ßight range of
Frankliniella spp. thrips may lead to information on the
extent of mowing necessary to manage thrips popu-
lations migrating into cropping systems. Finally, in all
of the reproductive hosts sampled, thrips were highly
aggregated in the ßowers, rather than leaves or fruit,
and this aggregation should be considered when de-
signing control methods.

Acknowledgments

We thank Michelle Stuckey and Russ Mizell for comments
made on previous drafts of this manuscript. Funding was

Fig. 8. Mean number (�SEM) of adult thrips species and
larvae per ßower raceme collected from C. ambrosioides.

776 ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 101, no. 4



provided by a Cooperative Agreement between the Univer-
sity of Florida and the USDAÐARS.

References Cited

Agrawal, A. A., C. Kobayashi, and J. S. Thaler. 1999. Inßu-
ence of prey availability and induced host-plant resis-
tance on omnivory by western ßower thrips. Ecology 80:
518Ð523.

Agrawal, A. A., and C. N. Klein. 2000. What omnivores eat:
direct effects of induced plant resistance on herbivores
and indirect consequences for diet selection by omni-
vores. J. Anim. Ecol. 69: 525Ð535.

Avila, Y., J. Stavisky, S. Hague, J. Funderburk, S. Reitz, and
T. Momol. 2006. Evaluation of Frankliniella bispinosa
(Thysanoptera: Thripidae) as a vector of the Tomato
spotted wilt virus in pepper. Fla. Entomol. 89: 204Ð207.

Beecher, C. W., T. M. Sarg, and J. M. Edwards. 1983. Oc-
currence and biosynthesis of 9-phenylphenalenones in
callus tissue of Lachnanthes tinctoria. J. Nat. Prod. 46:
932Ð933.

Beshear, R. J., and J. O. Howell. 1976. A new species of
Pseudothrips, with a key to the North American species.
Ann. Entomol. Soc. Am. 69: 1082Ð1084.

Bolser, R. C., M. E. May, N. Lindquist, W. Fenical, and D.
Wilson. 1998. Chemical defenses of freshwater macro-
phytes against crayÞsh herbivory. J. Chem. Ecol. 24:
1639Ð1658.

Brodbeck,B.V., J. Stavisky, J.E.Funderburk,P.C.Andersen,
and S. M. Olson. 2001. Flower nitrogen status and pop-
ulations of Frankliniella occidentalis feeding on Lycoper-
sicon esculentum. Entomol. Exp. Appl. 99: 165Ð172.

Brodbeck,B.V., J.E.Funderburk, J. Stavisky,P.C.Andersen,
and J. Hulshof. 2002. Recent advances in the nutritional
ecology of Thysanoptera, or the lack thereof, pp. 145Ð153.
In R. Marullo and L. Mound [eds.], Thrips and Tospovi-
ruses:Proceedings of the 7th International Symposium on
Thysanoptera. Australian National Insect Collection,
Canberra, Australia.

Buntin, G. D., and R. J. Beshear. 1995. Seasonal abundance
of thrips (Thysanoptera) on winter small grains in Geor-
gia. Environ. Entomol. 24: 1216Ð1223.

Butcko, V. M., and R. J. Jensen. 2002. Evidence of tissue-
speciÞc allelopathic activity inEuthamia graminifolia and
Solidago canadensis (Asteraceae). Am. Midl. Nat. 148:
253Ð262.

Chamberlin, J. R., J.W. Todd, R. J. Beshear, A. K. Culbreath,
and J. W. Demski. 1992. Overwintering hosts and wing
form of thrips, Frankliniella spp. in Georgia (Thysan-
optera, Thripidae): implications for management of spot-
ted wilt disease. Environ. Entomol. 21: 121Ð128.

Chellemi, D. O., J. E. Funderburk, and D. W. Hall. 1994.
Seasonal abundance of ßower-inhabiting Frankliniella
species (Thysanoptera, Thripidae) on wild plant-species.
Environ. Entomol. 23: 337Ð342.

Childers, C. C., R. J. Beshear, J. R. Brushwein, and H. A.
Denmark. 1990. Thrips (Thysanoptera) species, their
occurrence and seasonal abundance on developing buds
and ßowers of Florida citrus. J. Entomol. Sci. 25: 601Ð614.

Cho, K. J., C. S. Eckel, J. F.Walgenbach, and G. G. Kennedy.
1995. Overwintering of thrips (Thysanoptera, Thripi-
dae) in North Carolina. Environ. Entomol. 24: 58Ð67.

Cloyd, R. A., and H. Chiasson. 2007. Activity of an essential
oil derived from Chenopodium ambrosioides on green-
house insect pests. J. Econ. Entomol. 100: 459Ð466.

de Assis Filho, F.M., J. Stavisky, S. R. Reitz, C.M.Deom, and
J. L. Sherwood. 2005. Midgut infection by tomato spot-

ted wilt virus and vector incompetence of Frankliniella
tritici. J. Appl. Entomol. 129: 548Ð550.

de Jager, C. M., R.P.T. Butot, E. vanderMeijden, and R.
Verpoorte. 1996. The role of primary and secondary me-
tabolites in chrysanthemum resistance to Frankliniella
occidentalis. J. Chem. Ecol. 22: 1987Ð1999.

Felland, C. M., D.A.J. Teulon, L. A. Hull, and D. F. Polk.
1995. Distribution and management of thrips (Thysan-
optera, Thripidae) on nectarine in the mid-Atlantic re-
gion. J. Econ. Entomol. 88: 1004Ð1011.

Funderburk, J. 2002. Ecology of thrips, pp. 121Ð128. In R.
Marullo and L. Mound [eds.], Thrips and Tospoviruses:
Proceedings of the 7th International Symposium on Thys-
anoptera. Australian National Insect Collection, Can-
berra, Australia.

Funderburk, J., J. Stavisky, and S. Olson. 2000. Predation of
Frankliniella occidentalis (Thysanoptera: Thripidae) in
Þeld peppers by Orius insidiosus (Hemiptera: Anthoco-
ridae). Environ. Entomol. 29: 376Ð382.

Funderburk, J., L. Mound, and J. Sharma. 2007. Thysan-
optera inhabiting native terrestrial orchids in northern
Florida and southern Georgia. J. Entomol. Sci. 42: 573Ð
581.

Groves, R. L., J. F. Walgenbach, J. W. Moyer, and G. G.
Kennedy. 2002. The role of weed hosts and tobacco
thrips, Frankliniella fusca, in the epidemiology of Tomato
spotted wilt virus. Plant Dis. 86: 573Ð582.

Guillet,G.,C. Podeszfinski,C.Regnault-Roger, J. T.Arnason,
and B.J.R. Philogene. 2000. Behavioral and biochemical
adaptations of generalist and specialist herbivorous in-
sects feeding onHypericum perforatum (Guttiferae). En-
viron. Entomol. 29: 135Ð139.

Hansen, E. A., J. E. Funderburk, S. R. Reitz, S. Ramachan-
dran, J. E. Eger, and H. McAuslane. 2003. Within-plant
distribution of Frankliniella species (Thysanoptera:
Thripidae) and Orius insidiosus (Heteroptera: Anthoco-
ridae) in Þeld pepper. Environ. Entomol. 32: 1035Ð1044.

Heagle, A. S. 2003. Inßuence of elevated carbon dioxide on
interactions between Frankliniella occidentalis and Trifo-
lium repens. Environ. Entomol. 32: 421Ð424.

Hoffmann-Sommergruber, K. 2000. Plant allergens and
pathogenesis-related proteinsÐwhat do they have in com-
mon? Int. Arch. Allergy. Immunol. 122: 155Ð166.

Irwin,R.E., L. S.Adler, andA.K.Brody. 2004. The dual role
of ßoral traits: pollinator attraction and plant defense.
Ecology 85: 1503Ð1511.

Irwin, R. E., L. S. Adler. 2006. Correlations among traits
associated with herbivore resistance and pollination: im-
plications for pollination and nectar robbing in a distylous
plant. Am. J. Bot. 93: 64Ð72.

Jaenike, J. 1990. Host specialization in phytophagous in-
sects. Annu. Rev. Ecol. Evol. S. 21: 243Ð273.

Kirk,W.D.J. 1997. Distribution, abundance, and population
dynamics, pp. 218Ð257. In T. Lewis [ed.], Thrips as crop
pests. CAB International, New York.

Kirk,W.D.J. 2002. The pest and vector from the West: Fran-
kliniella occidentalis, pp. 33Ð42. In R. Marullo and L.
Mound [eds.], Thrips and Tospoviruses: Proceedings of
the 7th International Symposium on Thysanoptera. Aus-
tralian National Insect Collection, Canberra, Australia.

Kirk, W.D.J., and L. I. Terry. 2003. The spread of the west-
ern ßower thrips Frankliniella occidentalis (Pergande).
Agric. For. Entomol. 5: 301Ð310.

Littell, R. C. 1998. Statistical analysis of repeated measures
data using SAS procedures. J. Anim. Sci. 76: 1216Ð1231.

Littell, R. C., G. A. Milliken, W. W. Stroup, and R. D.
Wolfinger. 1996. SAS system for mixed models. SAS
Publishing, Cary, NC.

July 2008 NORTHFIELD ET AL.: ANNUAL CYCLES OF Frankliniella SPP. THRIPS 777



Mollema,C., andR.A.Cole. 1996. Low aromatic amino acid
concentrations in leaf proteins determine resistance to
Frankliniella occidentalis in four vegetable crops. Ento-
mol. Exp. Appl. 78: 325Ð333.

Nault, B. A., J. Speese, D. Jolly, and R. L. Groves. 2003.
Seasonal patterns of adult thrips dispersal and implica-
tions for management in eastern Virginia tomato Þelds.
Crop Prot. 22: 505Ð512.

Norris, R. F., and M. Kogan. 2005. Ecology of interactions
between weeds and arthropods. Annu. Rev. Entomol. 50:
479Ð503.

Paini, D. R., J. E. Funderburk, C. T. Jackson, and S. R. Reitz.
2007. Reproduction of four thrips species (Thysan-
optera: Thripidae) on uncultivated hosts. J. Entomol. Sci.
42: 610Ð615.

Parrella, G., P. Gognalons, K. Gebre-Selassie, C. Vovlas, and
G. Marchoux. 2003. An update of the host range of To-
mato spotted wilt virus. J. Plant Pathol. 85: 227Ð264.

Pearsall, I. A., and J.H.Myers. 2000. Population dynamics of
western ßower thrips (Thysanoptera: Thripidae) in nec-
tarine orchards in British Columbia. J. Econ. Entomol. 93:
264Ð275.

Pearsall, I. A., and J. H. Myers. 2001. Spatial and temporal
patterns of dispersal of western ßower thrips (Thysan-
optera: Thripidae) in nectarine orchards in British Co-
lumbia. J. Econ. Entomol. 94: 831Ð843.

Prins, M., and R. Goldbach. 1998. The emerging problem of
tospovirus infection and nonconventional methods of
control. Trends Microbiol. 6: 31Ð35.

Puche, H., R. D. Berger, and J. E. Funderburk. 1995. Pop-
ulation dynamics of Frankliniella species (Thysanoptera:
Thripidae) thrips and progress of spotted wilt in tomato
Þelds. Crop Prot. 14: 577Ð583.

Reitz, S. R. 2002. Seasonal and within plant distribution of
Frankliniella thrips (Thysanoptera: Thripidae) in north
Florida tomatoes. Fla. Entomol. 85: 431Ð439.

Reitz, S. R., E. L. Yearby, J. E. Funderburk, J. Stavisky, M. T.
Momol, and S. M. Olson. 2003. Integrated management
tactics for Frankliniella thrips (Thysanoptera: Thripidae)
in Þeld-grown pepper. J. Econ. Entomol. 96: 1201Ð1214.

Reitz, S. R., J. E. Funderburk, and S. M. Waring. 2006. Dif-
ferential predation by the generalist predator Orius in-
sidiosus on congeneric species of thrips that vary in size
and behavior. Entomol. Exp. Appl. 119: 179Ð188.

SAS Institute. 2000. SAS 8.01. SAS Institute, Cary, NC.
Sakimura, K. 1953. Frankliniella tritici, a non-vector of the
Spotted wilt virus. J. Econ. Entomol. 46: 915Ð916.

Sakimura, K. 1962. Frankliniella occidentalis (Thysan-
optera: Thripidae), a vector of the Tomato spotted wilt
virus, with special reference to the color forms. Ann.
Entomol. Soc. Am. 55: 387Ð389.

Sakimura, K. 1963. Frankliniella fusca, an additional vector
for Tomato spotted wilt virus,with notes on Thrips tabaci,
another vector. Phytopathology 53: 412Ð415.

SalgueroNavas, V. E., J. E. Funderburk, S.M.Olson, andR. J.
Beshear. 1991. Damage to tomato fruit by the western
ßower thrips (Thysanoptera, Thripidae). J. Entomol. Sci.
26: 436Ð442.

Sheoran, I. S., K. A. Sproule, D.J.H. Olson, A.R.S. Ross, and
V. K. Sawhney. 2006. Proteome proÞle and functional
classiÞcation of proteins in Arabidopsis thaliana (Lands-
berg erecta) mature pollen. Sex. Plant Reprod. 19: 185Ð
196.

Sheoran, I. S., A.R.S. Ross, D.J.H. Olson, and V. K. Sawhney.
2007. Proteomic analysis of tomato (Lycopersicon escu-
lentum) pollen. J. Exp. Bot. 58: 3525Ð3535.

Shipp, J. L., X. Hao, A. P. Papadopoulos, and M. R. Binns.
1998. Impact of western ßower thrips (Thysanoptera:
Thripidae)ongrowth,photosynthesis andproductivityof
greenhouse sweet pepper. Sci. Hortic. 72: 87Ð102.

Strong,D.R., J.H.Lawton, andR. Southwood. 1984. Insects
on plants: community patterns and mechanisms. Harvard
University Press, Cambridge, MA.

Toapanta, M., J. Funderburk, S. Webb, D. Chellemi, and J.
Tsai. 1996. Abundance of Frankliniella spp. (Thysan-
optera: Thripidae) on winter and spring host plants. En-
viron. Entomol. 25: 793Ð800.

U.S. Dep. Agric., Natural Resources Conservation Service
[USDA, NRCS]. 2004. The PLANTS Database, version
3.5 (http://plants.usda.gov). National Plant Data Center,
Baton Rouge, LA.
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